Physical studies of tyrosine and tryptophan residues in mammalian A1 heterogeneous nuclear ribonucleoprotein. Support for a segmented structure.
The mammalian heterogeneous ribonucleoprotein (hnRNP) A1 and its constituent N-terminal domain, termed UP1, have been studied by steady-state and dynamic fluorimetry, as well as phosphorescence and optically detected magnetic resonance (ODMR) spectroscopy at cryogenic temperatures. The results of these diverse techniques coincide in assigning the site of the single tryptophan residue of A1, located in the UP1 domain, to a partially solvent-exposed site distal to the protein's nucleic acid binding surface. In contrast, tyrosine fluorescence is significantly perturbed when either protein associates with single-stranded polynucleotides. Tyr to Trp energy transfer at the singlet level is found for both UP1 and A1 proteins. Single-stranded polynucleotide binding induces a quenching of their intrinsic fluorescence emission, which can be attributed to a significant reduction (greater than 50%) of the Tyr contribution, while Trp emission is only quenched by approximately 15%. Tyrosine quenching effects of similar magnitude are seen upon polynucleotide binding by either UP1 (1 Trp, 4 Tyr) or A1 (1 Trp, 12 Tyr), strongly suggesting that Tyr residues in both the N-terminal and C-terminal domain of A1 are involved in the binding process. Tyr phosphorescence emission was strongly quenched in the complexes of UP1 with various polynucleotides, and was attributed to triplet state energy transfer to nucleic acid bases located in the close vicinity of the fluorophore. These results are consistent with stacking of the tyrosine residues with the nucleic acid bases. While the UP1 Tyr phosphorescence lifetime is drastically shortened in the polynucleotide complex, no change of phosphorescence emission maximum, phosphorescence decay lifetime or ODMR transition frequencies were observed for the single Trp residue. The results of dynamic anisotropy measurements of the Trp fluorescence have been interpreted as indicative of significant internal flexibility in both UP1 and A1, suggesting a flexible linkage connecting the two sub-domains in UP1. Theoretical calculations based on amino acid sequence for chain flexibility and other secondary structural parameters are consistent with this observation, and suggest that flexible linkages between sub-domains may exist in other RNA binding proteins. While the dynamic anisotropy data are consistent with simultaneous binding of both the C-terminal and the N-terminal domains to the nucleic acid lattice, no evidence for simultaneous binding of both UP1 sub-domains was found.